Methylene blue supravital staining: an evaluation of its applicability to the mammalian brain and pineal gland by Müller, Thomas
Histol Histopathol (1 998) 13: 101 9-1 026 
http:l~.ehu.es/histol-histopathol 
Histology and 
Histopathology 
Methylene blue supravital staining: an evaluation of its 
applicability to the mammalian brain and pineal gland 
Institute for Anatomy, University of Mainz, Germany 
Summary. Methylene blue supravital staining of 
mammalian brain reveals typical staining patterns in 
different brain regions. Within the cerebellum of the 
mouse, the dye showed a peculiar affinity for the somata 
and the axons of Purkinje cells. Additionally, large 
polymorphic neurons characterized by long descending 
axons were detected within the granular layer and the 
white matter. These cells might represent another type of 
projection neuron. In the stratum pyramidale and stratum 
oriens of the murine hippocampus, a subpopulation of 
non-pyramidal cells, i.e. intrinsic interneurons, were 
selectively stained. Additionally, a labelling of 
perineuronal nets of extracellular matrix covering single 
cells could be achieved; this phenomenon might be due 
to the occurrence of strong anionic residues which attract 
the cationic dye. Therefore, perineuronal nets might also 
trap other cations and play an important role in the 
control of cell excitability. The electron microscopic 
investigation revealed drop-like dye accumulations 
within the cytoplasm and a staining of material at the site 
of the plasma membrane. Throughout the pineal gland, a 
network of a subpopulation of polymorphic cells with 
manifold long processes could be visualized. Syncytial 
connections of cells seemed to occur. The oxygen- 
dependent selective staining is probably functionally 
connected with the generation of oxygen radicals and 
subsequent oxidative stress for the cells. This reaction 
indicates a certain vulnerability to hypoxia; therefore, 
the intracellular dye-uptake might be interpreted as an 
early sign of metabolic disturbance. 
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Introduction 
Ehrlich (1886) was the first to report that the 
phenothiazine dye methylene blue (MB) stains supra- 
vitally neurons after intravascular injection, when the 
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skulls are subsequently removed and the tissues are 
exposed to the air. Since MB is soluble in water and 
alcohols, the production of microtome sections was not 
possible until ammonium heptamolybdate was found to 
be the appropriate dye-precipitating reagent, i.e. fixative 
(Bethe, 1895). This technical advance enabled the first 
investigators to apply this staining procedure to the 
mammalian brain (Cajal, 1896a,b, 1897; Dogiel, 1896). 
Here, it has to be emphasized that Cajal's neuron-theory 
is also based on his early MB-studies. Due to the fact 
that the practical details of the method were only 
insufficiently handed down to the posteriority, later 
studies did not completely reach the high quality of the 
publications of Cajal and Dogiel (Feindel et al., 1949; 
O'Leary et al., 1968; Fukuda, 1971). Unfortunately, 
Cajal's and Dogiel's publications were merely illustrated 
with drawings. Thus, it was a scientific challenge to 
attack this problem again and to work out a simple and 
reliable s taining and fixation technique for  the 
production of microtome sections (Muller, 1990,1996b). 
Moreover, a method was developed by the author to 
visualize the accumulation sites of the dye in neurons 
also at the electron microscopic level (Muller, 1995; 
Muller and Reutter, 1995). The  results should be 
compared with studies on the pharmacological effects of 
MB to the nervous tissue published in the last decade in 
large numbers. Meanwhile,  M B  finds common 
application as an inhibitor of cytosolic guanylyl cyclase, 
the physiological receptor of nitric oxide (Gruetter et al., 
1981). Furthermore, it was established recently that MB 
can also be regarded as an direct inhibitor of nitric 
oxide-synthase (Mayer et al., 1993). The antipsychotic 
effect of the dye is also a topic of intensive research 
(Naylor et al., 1986); this phenomenon is explained by 
possible interactions of MB with the calcium binding 
protein calmodulin (Muller, 1992); the sequestering of 
calmodulin by the dye might also be followed by an 
indirect inhibition of nitric oxide-synthase since the 
enzyme's activity is calmodulin-dependent (Deutsch et 
al., 1997). But the intraneuronal distribution pattern of 
the dye appears to be more complicated than hitherto 
assumed (Muller,  1995;  see also Results and 
Discussion). With special regard to these functional 
aspects, supravital staining with MB was applied to the 







